Abstract. Cable sealing is the key to cables installed in sub-vehicles. The existing cable sealing materials include rubber, polytetrafluoroethylene (PTFE), graphite, etc., among them polyurethane shows high potential of changing property. In this paper, we analyse the physical and chemical properties of three materials used in cable sealing, and give measures to modify the properties of polyurethane for the purpose of improving its sealing effect.
Introduction
When sub-vehicles are in deep water, cables installed would be under the threat of water leakage, which might result in danger to the crew and vehicles. Currently, cable sealing structures in sub-vehicles are mostly implemented by sealing materials. The advantages of the existing materials are simplicity, convenience, cheap cost and wide usage. The disadvantages are also obvious, namely poor sealing effect, heavy abrasion and short life span [1] . In order to satisfy the structure requirements of cable sealing, gasket rings are considered to be better alternative. In this paper, we mainly study the material selection for sealing gaskets.
Characteristic Analysis of Sealing Materials
Rubber. Rubber materials are a group of special materials. They have unique characteristics that could play a huge role in sealing structures:
a. The combination of Young's modulus E and major dislocation stretching ration (100% or even higher) help rubber materials adjust into sealing structures and contact interfaces, while the contact stress remains within an acceptable range.
b. Theoretic limited Poisson's ratio (approaching 0.5) makes rubber disperse static stress equally to each dimension.
c. The rubber materials can be easily adjusted into cavity shapes because of low shear modulus G. Table 1 shows properties and applications of some rubbers, and provides a reference to choosing available sealing rubber materials.
It is unavoidable to abrade gaskets in sealing process. However, thermoplastic polyurethane elastomer has a combined property from vulcanized rubber and common thermoplastic. thermoplasticpolyurethane elastomer features hardness and elasticity that can remain in good condition within a wide range of hardness (shore hardness A 10~D75 ). When the hardness is the same, thermoplasticpolyurethane elastomer can bear more stress and its abrasion resistance is 2~10 times higher than natural rubbers. Excellent performance in oxygen and ozone resistance, oil and chemical corrosion resistance, heavy mechanical vibration resistance, etc. make thermoplasticelastical polyurethane a good cable sealing material that can be utilized in difficult conditions such as deep sub-vehicles.
Polytetrafluoroethylene. Polytetrafluoroethylene (PTFE) is polymerized by perfluoroethylene. It has advantages in chemical stability, corrosion-resistance, sealing property, adhesiveness and aging-resistance. It can even be used as anti-melt sealing gaskets in atomic bombs and cannonballs.
PTFE has the following characteristics that make it a perfect sealing material: Table 1 Properties and applications of rubbers (1) Mechanical property. The friction coefficient is extremely small, which is only one-fifth of polyethylene. Meanwhile, the acting force between C and F molecules are also extremely low, therefore this material has low viscosity. Its mechanical property remains wonderful within the temperature range of −196℃~260℃. When all carbon bonds are occupied by fluorine, the compound does not turn fragile at low temperature.
(2) Chemical and environmental resistance. PTFE is resistant to any chemical corrosion except melt alkali metal (which is hardly found in cables). It can withstand concentrated sulfuric acid, nitric acid, hydrochloric acid and even boiling chloroazotic acid. PTFE is not flammable, and does not absorb moisture. Its property remains stable when exposed to oxygen and ultraviolet rays. In conclusion, it has fantastic chemical and environmental resistance. Graphite. Besides the above two materials, graphite can also be taken into consideration. Graphite is an abundant natural resource as well as a natural solid lubricant. It has layer structure that allows alkali metal, metal halide and oxidizing acid to embed between layers. Dilated graphite is called the "sealing king" after the chemical or electrical process. It features sealing reliability, flexibility, convenience, longevity and low leakage, etc.
There are mainly two categories of graphite sealing products: soft seal and hard seal. When graphite is compounded with polymer organic chemicals, it can be strengthened as special seal. When compounded with elastic polyurethane, graphite can be used as oil pumper sealing gaskets. When compounded with PTFE, graphite can be used as valve sealing gaskets.
In brief, the above three materials are desired sealing materials. However, PTFE has low potential of changing property to adjust into different sealing structures. In addition, graphite is easily obtained and cheap, and can be used as additive agent to improve other material's properties. Therefore in the next section, we focus on property improvement of polyurethane material.
Polyurethane Modification
Modification is an effective way to improve material properties. Polyurethane material has some flaws such as low temperature adaptability and poor surface performance, however these flaws can be rectified by modification. Biological degradation polyurethane elastomer is a product that can utilize the natural structure and properties of biology resources to produce materials like timber that can be degraded by microorganism.
Polyurethane Alloy. It is a new field of study, and researchers concern to complement properties of relevant polymer materials.
Damping polyurethane elastomer has a great damping effect when used for gaskets, loops and buffers. This material has extensive application in precise device, medical device, office appliance and electronic computers. It can stand evil environment for a long time and remain its outstanding properties such as damping effect, mechanical intensity, shape stability, ozone and ultra-violet ray resistance in low temperature condition (−17.8℃~4.5℃) [2] .
Processing Method Modification. Besides modifying internal properties of polyurethane materials, modifying processing method sometimes can be more effective. For example, spray coating is one possible way, but raw materials should better be in fluid form.
Polyurethane Composite. It is made by adding surface modified particles and fibers in pre-poly phase. Polyurethane modulus can be improved by firmness of fibers without losing its elasticity [3, 4] . Carbon fiber is an excellent additive to make polyurethane composite, which can improve abrasion-resistance, heat stability as well as flexibility [5] .
Mixing different kinds of particles and powder in pure polyurethane to make powder-form composite is another modification method. Nowadays, nano-composite is a heated field. Some distinguished organic powder bases are nano SO 2 [6] , C a CO 3 [7~9] and fiberglas [10] , etc.
Summary
Polyurethane is the most suitable cable sealing material in rubber family, PTFE is the only plastic material that is possible as special sealing material. Graphite is perfect sealing material, however not suitable in cable gland structure of deep sub-vehicles. Polyurethane has high potential of being modified to cater for different sealing structure and environment. Multi-composite materials usually display better sealing effect than mono-composite materials. Polyurethane can act as an excellent base for a large group of additive agents.
